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A spectrophotometric study of the encapsulation of isomeric podands Sa, Sb; 6a, 6b and 7a, 7b by p- and y-
cyclodextrins (CDs) has been made. The fluorescence spectra of naphthyl podands Sa and Sb in y-CD display a longer
wavelength emission at 410 and 414 nm, respectively, indicating the formation of a I: I complex. The anthryl (6a and 6b)
as well as phenanthryl (7a and 7b) podands being large for the cavity of y-CD do not show the same kind of
encapsulation. However, an enhancement in the intensity of emission is observable in their fluorescence spectra, a
characteristic of loose binding of the above podands by y-CD.
Supramolecular entities formed by the assembly
of units that are photoactive display novel
properties compared to the isolated species as
complexation triggers off distinct changes in
photochemistry and photophysics of the assembled
unit making it unique. J Since the discovery of crown
ethers,' several studies have been carried out to
apply their complexing abilities to design and
construct new sensoring units with unique
photophysical properties that could have potential
applications in signal transduction (chemical
switches).' Synthesis of molecules containing a
photochemical subunit, combined with a
complexing centre for the uptake of an ion or
molecule, is of current interest. In this context a
study of the effect of metal cation binding on the
photophysical 'properties of macrocyclic systems
with aromatic units is well documented," but the
same with podands is poor.
Podands by definition are open chain analogs of a
macrocyclic system containing heteroatoms with no
preformed cavities for guest binding-c Distinguished
by their notable lack of ring or bridge systems and
also by their high flexibility, they form a class of
molecules that have an intermediate position with
respect to non-specific solute-solvent interactions
(in other words cation solvation) on the one hand,
and to the highly selective uptake of metal cations
into intramolecular cavities by macrocylic host
molecules on the other. A source c . \ rspir.uion for
studying these open chain systems IS .rtv , d from
the fact that a number of natui.nty occuring
antibiotics, like monensin (Figure I), that enhance
cation transport, bear a structural resemblance to
them.
A study of the influence of metal cations on the
absorption and emission properties of podands with
aromatic end groups was undertaken with the
assumption that they would form a pseudocavity to
nest the cation. This would then alter the
photophysics of the system. Of particular interest
would be the response of this organised system to
the addition of a third component. This would form
an interesting system with the cation being a guest
to the podand which itself is a guest in another host.
The free podand, on the other hand, depending upon
the choice of the third component, mayor may not
form complex with the third component, as it is less
organised in the absence of the metal ion. Therefore,
its photophysical behaviour should differ from that
of the metal ion complexed podand in the presence
of the third component. The choice of the third
component would be crucial, since it should be able
to differentiate between the free and complexed
podands. The choice naturally was cyclodextrins.
Cyclodextrins (CDs) are cyclic oligosaccharides
composed of glucose units joined together in a
toroidal fashion, designated as c, p and 't,based on
the number of glucose units (6, 7 and 8,




respectively). They are known to be versatile hosts,
forming inclusion complexes with a wide variety of
guests of different shapes and sizes, organic and
inorganic, depending on their cavity size.' Guest
molecules accommodated into the cavity of
cyclodextrins are relatively isolated from the bulk of
the solvent, face a hydrophobic microenvironment
and have a constrained conformation. This would
thus further modify the photophysics of the podands
under study.
Perturbations produced by CD alone on guests
have been well studied (Figure 2), especially in
many 1,3-dinaphthylpropane derivatives 1 which
exhibit dual fluorescence (monomer and excimer)."
The cavity of y-CD is large enough to ideally
accommodate two naphthyl rings and therefore the
longer wavelength emission observed was attributed
to an intramolecular excimer. Other interesting
examples in this context are 2,2-bis(l-
naphthylmethyl)-1,3-dithiane 27 and bis(l-
naphthylmethyl)anunonium chloride 38 which also
exhibit intramolecular excimer via a I: I complex
Figure 2
with CD. With the exception of a lone example of
3,4-bis{2-[2-(2-naphthyloxy)ethoxy]ethoxy} benzoic
acid 49 wherein the two naphthyl units are separated
by 16 atoms, in most of the systems studied
aromatic units were separated by 3 or 4 atoms.
Even in the case of 4, the flexibility of the chain is
reduced by the benioic acid unit. We therefore
chose to work with aromatic groups connected to a
tetraethylene glycol unit, which provides a totally
flexible and sufficiently long chain. The aromatic
groups of choice were naphthyl, anthryl and
phenanthryl, all good fluorescent probes displaying
dual fluorescence (monomer and excimer) under
appropriate conditions.
Results and Discussion
Changes in conformation have a direct bearing on
the photophysics of a system. 6 In this context, a
study of structurally isomeric podands would throw
some light on geometrical requirements for
encapsulation. We have therefore selected the
podands 5, 6 and 7 (cf. Figure 3) for our study. The
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synthesis was fairly straightforward and the details
are given in the Experimental Section.
Absorption spectra were recorded in acetonitrile
and molar extinction coefficients (s values) are
listed in Table 1. The absorption spectra were then
recorded in the presence of metal salts both in
acetonitrile and in I : 9 (v/v) ethanol-water. For this
purpose, sodium perchlorate and potassium
thiocyanate were employed since Na+ and K+
cations were found to be efficient binders for a
system possessing five oxygens, the former being
Table 1---uv data of compounds 5a-7b in acetonitrile
(average values of & are given; error ± 5%)
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Figure 3
the best. These salts have good solubility in organic
solvents. However, no significant changes were
observed in the absorption spectra of all the
podands on addition of metal salts.
The fluorescence spectra of the podands were
recorded in acetonitrile by exciting Sa and 5b at 300
nm, 6a and 6b at 370 nm and 7a and 7b at 335 nm
(Table II), Concentrations of metal salts used
ranged from 0.5 Mto 1M. The changes on addition
of metal salts were nothing of the kind hoped for.
An overall quenching of the aromatic fluorescence
was observed. This was disappointing, but not a
totally unpredicted result since fluorescence
quenching of aromatic molecules by inorganic
anions has been the subject of many investigations
and is widely thought to be due to quenching by
electron transfer 10. We, however, expected that
cation complexation with the above podands would
effectively bring the ends together and thus alter the
photophysics. These podands being weak binders,
Table II- Fluorescence data of compounds 5a-7b in
acetonitrile
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especially so in solutions, were obviously unable to
wrap the cations adequately enough.
The effect on the absorption spectra of podands
varied when CDs were added. In the case of 5a
(Figure 4) and 5b, an increase in absorption was
triggered on the addition of y-CD, with clear
isosbestic points at 310 and 300 run, respectively.
This clearly testified to the presence of two
absorbing species. However, no spectral shifts were
detected. J3-CD addition did not produce any
evidence for the above kind of phenomenon. Its
addition only enhanced the intensity of the
absorption. The podands 6a and 6b remain
unaffected by the addition of y-CD (only y-CD was
used, as J3-CD was too small for the encapsulation
of podands 6 and 7). On the other hand, a rise in the
intensity of the absorption was noted in the case of
7a and 7b.
The fluorescence spectra exhibited marked
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Figure 4. Absorption spectra of 5a in 1 : 9 (v/v) ethanol-
water with various amounts ofy-CD: (I )y-CD = 0 M; (2) 3.31
x10·4 M; (3) 6.01 x 10'4 M; (4) 7.71 x 10'4 M; (5) 1.81 x 10'3
M.
amount of y-CD added to 5a (Figure 5) caused the
appearance of a longer wavelength emission
maximum along with a significant rise in the
intensity of fluorescence emission. Concentrations
as low as 10-4 M of y-CD were enough to produce
an emission at 410 run in ethanol-water. Further
additions of y-CD enhanced only the emission
intensity leaving the maximum unaffected. This
enhancement in intensity of emission and the
appearance of a longer wavelength emission at 410
run clearly indicate that the probe resides in the
hydrophobic cavity leading to the formation of an
excimer." The spectra were similar whether the
excitation was at 300 run or at 310 run (isosbestic
point).
The fluorescence spectrum of 5b (Figure 6) in the
presence of y-CD revealed a structured part
corresponding to the locally excited species (the
monomer) at 346 run and a red shifted non-
structured band of naphthyl excimer at 414 run.
Further supplements of y-CD quenched the 346 run
emission while enhancing the 414 nm emission. TIle
isoemissive point at 390 run and the dual
fluorescence were again the clear indicators of
encapsulation by y-CD as well as the presence of
two fluorescing species. The addition of J3-CD in
both the cases (5a and b) resulted in no shifts in the




Figure 5 - Fluorescence spectra of 5a in I : 9 (v/v) ethanol-
water with various amountsofy-CD: (I) y-CD = 0 M; (2) 6.68
x 10'4 M; (3) 2.16 x 10'3 M; (4) 4.16 x 10'3 M; (5) 6.8 x 10,3
M; (6) 1.02 x 10'2 At (7) 1.69 x 10'2 M.
MANJULA et al. : ENCAPSULA nON OF PODANDS BY CYCLODEXTRlNS 531
320 400 500
Wavelength (nm)
Figure 6 - Fluorescence spectra of Sb in 1 : 9 (v/v) ethanol-
water with various amounts of y-CD: (1) y-CD = 0 M; (2) 5.14
x 10'" M; (3) 1.28 x 10' M; (4) 3.82 x 10' M; (5) 7.20 x 10'
M; (6) 1.20 x 10' M; (7) 1.75 x 10' M.
intensities of emission was noticeable. This was
anticipated since P-CD was too small to encapsulate
both the rings.
At this stage, the addition of metal salts to the
already y-CD loaded samples produced interesting
changes. While both monomer and excimer
emissions were quenched in the case of Sa, only
monomer emission was effectively quenched in Sb.
This is possible only when encapsulation in both the
cases is not the same. There have been scattered
reports on the difference in the encapsulation of l-
and 2-naphthy~isomers by p-CD. As early as 1975,
Harata et al. II presumed that the variations in the
absorption spectra of 1- and 2-substituted naphthyl
compounds in the presence of ~-CD was
attributable to the difference in the structure of the
two complexes. This was substantiated by Tee et
al.12 in a recent study on the cleavage of 1- and 2-
naphthyl acetates by cyclodextrins in basic media.
The study suggests that 2-naphthyl acetate binds
better with all the cyclodextrins when compared
with l-isomer. Extending this analogy to the
podands, it can now be safely said that Sb fits better
into the cyclodextrin cavity and is completely
engulfed into it, thus being totally shielded from the
external environment. Exposed to the changes in the
surrounding environment, the fluorescence of Sa is
therefore quenched by the metal salts. A clear
conclusion that could be drawn from the above
findings is that a mere change in the position of the
substituent in the aromatic ring produces a
considerable change in the photophysical response
of the molecules to the addition of y-CD as well as
metal salts. The purpose behind the study of
structural isomers was thus justified.
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When the sequence of addition was reversed for
both Sa and Sb, i.e. addition of metal salts followed
by y-CD, the monomer emission remained quenched
and the excimer band appeared. The peak maxima
were the same as observed earlier. There was an
increase in the intensity of emissions on further
addition of y-CD. The monomer emissions were
again absent in Sb.
Lifetime measurements were performed on both
the neat sample as well as y-CD loaded one, which
indicated the presence of more than one species in
each case. The fluorescence decay curves of Sa
monitored at 400 nm showed the presence of two
species, having lifetimes of 0.2 ns and 10.2 ns,
respectively. On addition of y-CD, considerable
enrichment of the second species was observed. In
addition to the increase in the concentration of this
component it was found that the lifetime of the
species was also enhanced from 10.2 to 27 ns. The
longer lived species was tentatively identified as the
excimer, . y~sed on the data available in the
literature':", The enhancement of the excimer
emission is thus due to the higher concentration of
the excimer as well as its longer lifetime in the
presence of y-CD. Under similar conditions, the
lifetime of the excimer was found to be 31 ns for 5b
in the presence ofy-CD.
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The fluorescence intensities were considerably
enhanced when y-CD was added to solutions of 6a
and 6b. The enhancement was found to be linear
with respect to CD concentration indicating that, at
any concentration of CD, more number of molecules
remain in the free state than in the complexed form.
There were no changes in peak maxima. The
fluorescence enhancement in aqueous solutions on
addition of y':'CD has been interpreted variously. 14
Elimination of water molecules from the medium
surrounding the fluorescent probe due to
encapsulation by y-CD has been interpreted as the
chief cause of the enhancement in fluorescence
intensity. A decrease in rotational freedom produced
by the encapsulation could also contribute to the
observed enhancement. Addition of metal salts to
the solution already having y-CD only served to
quench the fluorescence. When the addition was
reversed the quenching also reverted, i.e. addition of
I
y-CD enhanced the intensity of fluorescence already
quenched by metal salts.
The observations made in the case of 6a and 6b
lead to the following conclusions: (i) a loose
complex is formed between the fluorophore and y-
CD which is amenable to the quenching effects of
the salts; (ii) only one ring of the probe was
encapsulated by one y-CD unit. This is in agreement
with the findings of Sanemasa et al. J5 who inferred
that the complex formed between the cyclodextrin
and anthracene was a 1 : 1 complex with anthracene
included axially into the cavity.
The isomeric phenanthryl pair 7a and 7b differed
in the way they fluoresced on addition of y-CD in 1
: 9 (v/v) ethanol-water. While 7a showed only an
enhancement in fluorescence intensity, in 7b (Figure
7) the quenching of the shorter wavelength emission
and the formation of a hump around 470 nm were
noticed. Increasing concentrations of y-CD
continued the trend. Addition of metal salts
quenched all the emissions in both 7a and 7b
including the hump. When metal ions were added
first followed by y-CD, in the case of 7a, the
fluorescence was enhanced after being initially
quenched by the salts. Interestingly, with 7b, no
enhancement or humps were seen in the
fluorescence spectrum. This could probably be due
to the quenching effects of the metal salts present.
355 400 450 500
Wavelength (run)
550 600
Figure 7- Fluorescence spectra of 7b in I : 9 (v/v) ethanol-
water with various amounts of y-CD: (I) y-CD = 0 M; (2) 1.17
X 10-3 M; (3) 4.12 x 10-3 M; (4) 1.2 x 10-2 M; (5) 2.5 x 10-2 M;
(6) 3.5 x 10-2 M.
The earlier observed hump at 470 nm in the case of
7b could be due to a weak n-stacking interaction
between the phenanthryl rings in the y-CD cavity.
The observations were again indicative of loose
complexation of the podands 7a and 7b with y-CD.
Molecular photophysics can be modified in a
complexation process either by simply influencing
the relative populations of the ground state
conformers available for excitation, or by changing
the environment experienced by the excited species.
In CD complexes, bichromophoric probes are
forced into a conformation where the two
chromophores are parallel. The original structure of
the guest defines the conformational isomers in
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equilibrium that are available for complexation,
each of which could have characteristic binding
properties and therefore, differ in their
photophysics. The above study substantiates this.
The naphthyl podands 5a and 5b exhibited an
intramolecular excimer in the presence of y-CD. As
is well documented, a pair of naphthyl rings get
accommodated well into the cavity of the y-CD
which has ideal dimensions for this (-9 A in
diameter to provide for 3 A thick naphthyl moieties
held separate by 3 A due to the U-conformation of
the podands 5a and 5b Figure 8).7 The anthryl and
phenanthryl moieties are too large to get
encapsulated in pairs into the cavity of y-CD and
therefore no excimers were observed.
As mentioned in the introduction, this work was
initiated to investigate the use of metal ions as
probes in the study of the complex formation of
podands with CDs. The results obtained, however,
show that the metal ions do not bring about changes
in podands-CDs interactions.
Experimental Section
General. Melting points were determined on a
Superfit melting point apparatus and are
1 13
uncorrected. H- and C-NMR spectra were
recorded on a Bruker AF-200 NMR spectrometer
operating at 4.7 Tesla magnetic field strength in
chloroform-d solutions with TMS as internal
standard unless otherwise stated. Elemental
analyses were obtained using Perkin-Elmer model
240C-CHN analyser. UV-visible spectra were
recorded either on a Shimadzu model 160A or a
Jasco model 7800 spectrophotometer. The
fluorescence spectra were recorded either on a
Hitachi model F-3010 or a Jasco model FP 777
spectrofluorometer using a 1 ern (3 crrr') quartz cell.
Lifetime measurements were done on IBH 5000
instrument with H2 discharge coaxial nanosecond
flash lamp as the excitation source.
Cyclodextrins (American Maize-Products
Company), sodium perchlorate monohydrate and
potassium thiocyanate both of (Merck AR grade)
were used without further purification. Triply
distilled water was used for all measurements. All
other solvents were." thoroughly purified using
standard procedures". The probes were all purified
repeatedly by crystallisation or chromatograph i-
OR
Figure 8
cally, and only samples with satisfactory elemental
analyses were employed. Acme silica gel (100-200
mesh) was used for column chromatography.
Only dilute solutions were used for fluorescence
studies. The spectra were recorded in I : 9 (v/v)
ethanol-water and solubilities of the podands under
study were poor in this solvent system. Solutions
were sonicated for I hr and then allowed to settle
for 30 min. This was followed by repeated
filtration to obtain clear solutions which were
then diluted sufficiently to give an O'.D. of around
0.2 at the longest wavelength absorption maximum.
Consequently, exact concentrations of the solutions
in question could not be determined. The spectra
were recorded in the following manner. A known
volume of probe solution was taken up into the cell
and its spectrum recorded. The requisite amount of
CDs were then added to the cell and the spectra
were recorded after allowing sufficient time for
equilibration. Metal ion additions were done to the
cell and the spectra recorded as mentioned above.
All measurements were made on clear solutions and
were repeated for consistency.
General procedure .for synthesis of podands Sa,
5b, 6b, 7a and 7b17. The corresponding phenol (2
equiv.) dissolved in dry THF or DMF was added at
room temperature under nitrogen to a stirred
suspension of sodium hydride in the same solvent.
After stirring the mixture for I hr at 45°C to
facilitate the anion formation, tetraethylene glycol
ditosylate (lequiv.) in the same dry solvent was
added and the reaction mixture heated under reflux
(110°C for DMF) until the starting material
disappeared. The reaction mixture was then
quenched with water, and extracted with
dichloromethane. The crude product was subjected
to column chromatography over silica gel using
mixtures of hexane and ethyl acetate for elution.
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1,1l-Bis(1-naphthyloxy)-3,6,9-trioxaundecane
5aui• I-Naphthol (1.44 g, 10 mmoles) and
tetraethylene glycol ditosylate (2.5 g, 5 mmoles)
were refluxed for 16 hr in THF and worked up in
the usual manner to obtain Sa as a pale yellow oil
(1.57 g, 70%). Anal. Calcd for C28H300S:C, 75.1;
H, 6.77. Found: C, 75.37; H, 6.79%; OH 8.32-8.27
(t, 2H), 7.82-7.77 (t, 2H), 7.51-7.31 (m, 8H), 6.82-
6.78 (d, 2H), 4.31-4.29 (t, 4H), 4.01-3.97 (t, 4H)
and 3.82-3.73 (m, 8H); Oc 154.60, 134.54, 127.82,
126.82, 125.89, 125.l2, 122.l8, 120.42, 104.81,
70.89, 70.66, 69.66 and 67.77.
1,11-Bis(2-naphthyloxy )-3,6,9-trioxaundecane 5b.
2-Naphthol (1.44 g, 10 mmoles) and tetraethylene
glycol ditosylate (2.50 g, 5 mmoles) after a 16 hr
reaction in THF, gave 5b as a white solid. It was
recrystallised from methanol (1.10 g, 50%), mp 60
-c. Anal. Calcd for C28H300S:C, 75.31; H, 6.77.
Found: C, 75.3, H, 6.79%; OH 7.77-7.70 (t, 4H),
7.46-7.20 (m, 6H), 7.19-7.13 (m, 4H), 4.26-4.22 (t,
4H), 3.94-3.90 (t, 4H) and 3.74-3.73 (d, 8H); s,
156.83 134.54, 129.36, 129.07, 127.66, 126.73,
126.37, 122.66, 110.0, 106.77, 70.71, 70.59, 69.59
and 67.79.
1,1l-Bis(9-anthryloxy )-3,6,9-trioxaundecane 6a 19.
Anthrone (1.50 g, 7.70 mmoles) was dissolved in 2-
propanol (5mL), and 20% sodium hydroxide (1.0 g
in 5 mL water) solution added to it. The mixture was
heated under reflux. To the boiling mixture was
added tetraethyleneglycol ditosylate (1.95 g, 3.88
mmoles) and refluxing continued for another hour.
The reaction mixture was then diluted with water
and extracted with ethyl acetate. The combined
extracts were washed with water, dried over MgS04
and the crude product was chromatographed. The
product 6a was obtained as a yellow solid from
methanol (381 mg, 20%), m.p. 90°C. Anal. Ca1cd
for CJJI340S: C, 79.07; H, 6.27. Found: C, 79.02;
H, 6.28%, OH 8.40-8.35 (m, 4H), 8.21 (s, 2H),
7.99-7.94 (m, 4H), 7.46-7.41 (q, 8H), 4.40-4.35 (t,
4H), 4.03-3.98 (t, 4H) and 3.88 (s, 8H); Oc 151.20,
132.67, 128.53, 125.66, 125.32, 125.01, 122.80,
122.42, 75.08, 71.31, 71.18 and 70.88.
1,11-Bis(2-anthryloxy )-3,6,9-trioxaundecane 6b.
2-Anthrol (325 mg, 1.70 mmoles) and tetraethylene
glycol ditosylate (426 mg, 0.85 mmoles) were
heated for 48 hr in DMF to obtain 6b as an off-
white solid (190 mg, 40%), m:p. 144-46°; Anal.
Calcd for C3Ji340S: C, 79.09, H, 6.27. Found: C,
79.15; H, 6.25%; OH 8.31-8.21 (2d, 4H), 7.92-7.88
(m, 6H), 7.43-7.27 (m, 4H), 7.21-7.20 (m, 4H),
4.29-4.25 (t, 4H), 3.98-3.93 (t, 4H) and 3.78-3.70
(m, 8H); s, 156.34, 132.66, 132.20 130.42,
129.81, 128.23, 127.59, 126.19, 125.51, 124.45,
124.22, 120.77, 104.59, 70.92, 70.79, 69.74 and
67.42.
1,11-Bis(9-phenanthryloxy )-3,6,9-trioxaun-
decane 7a. The reaction of 9-phenanthrol (529 mg,
2.72 mmoles) and tetraethylene glycol ditosylate
(682 mg, 1.36 mmoles) was carried out in DMF for
24 hr and the crude product on chromatographic
purification gave a gummy syrup. It was taken up in
ether and thoroughly scratched to procure a white
solid (260 mg, 35%), m.p. 92-94°; Anal. Ca1cd for
C3J-htOs: C, 79.09; H, 6.27. Found: C, 78.70; H,
6.35% OH 8.64-8.57 (m,4H), 8.41-8.39 (d, 2H),
7.80-7.52 (m, 10H), 6.98 (s, 2H), 4.42-4.39 (t, 4H),
4.10-4.04 (t, 4H) and 3.82-3.75 (m, 8H); oe
152.77, 132.98, 131.42 127.43, 127.19, 126.92,
126.76, 126.66, 126.38, 124.37, 122.82, 122.56,
103.12, 71.08, 70.90, 69.82 and 67.80.
1,11-Bis(2-phenanthryloxy )-3,6,9-trinxaun-
decane 7b. 2-Phenanthrol (400 mg, 2.05 mmoles)
and tetraethylene glycol ditosylate (517 mg, 1.03
mmoles) were heated in DMF for 24 hr to yield 7b
as a white solid (540 mg, 95%), m.p. 86-88 0c.
Anal. Ca1cd for C3J1340S: C, 79.09; H, 6.27.
Found: C, 79.25; H, 6.25%; OH 8.57-8.52 (d, 4H),
7.88-7.84 (d, 2H), 7.73-7.53 (m, 8H), 7.32-7.24
(m, 4H), 4.30-4.26 (t, 4H), 3.97-3.92 (t, 4H) and
3.82-3.72 (d, 8H); oe 157.52, 133.42, 131.10,
130.45, 128.57, 127.51, 126.67, 126.47, 125.61,
124.78, 124.26, 122.17, 117.44, 109.63, 70.93,
70.79,69.82 and 67.62.
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